Background & objectives: District-Level Household Survey-4 (DLHS-4) indicated that during 2012-2013, only 56 per cent of children aged 12-23 months in Tamil Nadu were fully vaccinated, which were lesser than those reported in earlier national surveys. We, therefore, conducted cluster surveys to estimate coverage of childhood vaccination in the State, and also to identify the factors associated with low coverage.
Childhood vaccination is one of the most cost-effective public health interventions 1 . High vaccination coverage is essential to stop transmission of vaccine preventable diseases (VPDs) and thereby achieve the benefits offered by vaccination. In India, the Universal Immunization Programme (UIP) targeting six VPDs (tuberculosis, diphtheria, pertussis, tetanus, poliomyelitis and measles) was launched in 1985. Although UIP has partially succeeded in reducing the burden of VPDs 2 , coverage of primary vaccinations in the country continues to be low, with only 61 per cent children fully vaccinated (defined as receipt of six vaccines by 12 months of age) during 2009 as per the UNICEF Coverage Evaluation Survey 3 . The coverage of childhood vaccination in the State of Tamil Nadu, India, has been consistently high. As per the National Family Health Surveys (NFHS), District-Level Household Surveys (DLHS) and Coverage Evaluation Survey, during 1998-2010, 77-91 per cent of children aged 12-23 months in the State were fully vaccinated [4] [5] [6] [7] [8] . However, the findings of the DLHS-4 survey indicated that during 2012-2013, only 56 per cent of the children aged 12-23 months in the State were fully vaccinated 9 . Therefore, the cross-sectional surveys were conducted to estimate the current vaccination coverage in Tamil Nadu and to identify the factors associated with incomplete vaccination.
Material & Methods

Study setting and study population:
The cross-sectional surveys were conducted among children aged 12-23 months, residing in Tamil Nadu. The State has 32 revenue districts. All districts, except Chennai, have rural as well as urban areas. There are 10 municipal corporations in the State (Chennai, Vellore, Salem, Erode, Coimbatore, Tiruppur, Tiruchirappalli, Madurai, Tuticorin and Tirunelveli). The entire population of Chennai comes under the municipal corporation.
Sampling procedure: For the purpose of sampling, the State was divided into five strata. This included (i) municipal corporation non-slum stratum (n=1, population of one-year-old children: 145,857) consisting of 670 wards of non-slum areas of 10 municipal corporations, (ii) municipal corporation slum stratum (n=1, population of one-year-old children: 48,837) consisting of 2722 registered slums of 10 municipal corporations, (iii) hilly stratum (n=1, population of one-year-old children: 22,566) comprising the Nilgiris district (rural and urban areas) and other hilly villages in the State as per the 2011 census 10 , (iv) urban (population of one-year-old children: 366,780), and (v) rural strata (population of one-year-old children: 556,604). To have more precise estimates, the rural and urban areas were further divided into six geographically independent strata by grouping five border-sharing districts (Nilgiris being the hilly district and Chennai being municipal corporation were excluded). Thus, a total of 15 strata were formed. Each urban stratum comprised municipalities, town panchayats, census towns, cantonment board and outgrowths in the five border-sharing districts, whereas the rural strata consisted of revenue villages from these districts.
Cluster sampling design was adopted for selecting clusters from each stratum. From each stratum, 30 clusters were selected using probability proportional to the population of each cluster linear systematic sampling.
Sample size: As per the DLHS-4, 56 per cent of the children aged 12-23 months were fully vaccinated 9 . With this coverage, an absolute precision of 10 per cent, design effect of 2.0 and at 95 per cent confidence level, we needed a minimum sample size of 190 children (rounded off to 210) from each stratum. Thirty clusters were selected from each stratum, and from each cluster, seven children aged between 12 and 23 months were surveyed. Thus, from 15 strata, 3150 children were needed to generate coverage estimates for the State.
Survey procedure: The data were collected between March 1, 2015 and April 1, 2015 by 20 field teams, each consisting of one field supervisor and two field investigators. Before the survey, all field staff underwent a two-day training, covering various aspects of survey such as immunization schedule, informed consent procedure, selection of random household and data collection using the survey questionnaire. The questionnaire was pilot tested before the survey. Each team was given the names of clusters to be surveyed from the given stratum and a random household number for each cluster. This random number was selected based on the total number of households as per 2011 census 10 in the selected cluster and was the starting point for the survey in that cluster.
Before beginning the survey, the field supervisor prepared map of the cluster, counted the number of the households in each street and selected the household number corresponding to the assigned random number.
The field investigators enquired for the presence of eligible child (aged between 12 and 23 months) in this household and interviewed the respondent (preferably child's mother) if an eligible child was present. If no eligible child was found in this household, the team searched the next nearest household for an eligible child. This procedure was continued till seven children aged 12-23 months were surveyed within the boundary of a selected cluster. In any household, only one eligible child was surveyed. In case more than one eligible child was present in the household, the youngest child was selected.
After obtaining the written informed consent, mothers of the eligible children were interviewed using a structured questionnaire, to collect information about socio-demographic details of the household and vaccination status of the child. Information about vaccination was collected based on information provided by the mother as well as from the vaccination card. Children, whose mothers could not show the vaccination card at the time of survey, were considered as not having the card. Mothers of children who did not receive any one of the eight primary vaccines were interviewed to know the reasons for not vaccination.
Operational definitions:
The following operational definitions were used: Eligible child -a child aged 12-23 months at the time of the survey; Fully vaccinated child (FVC): a child who has received bacillus Calmette-Guérin (BCG), three doses of pentavalent (containing vaccine against diphtheria, pertussis, tetanus, hepatitis-B and Haemophilus influenzae B), three doses of oral polio vaccine (OPV) and one dose of measles vaccine (eight vaccine doses) by 12 months of age, as per vaccination cards or history given by mother in case card is not available 11, 12 . This criterion was used by NFHS and DLHS surveys for classifying FVCs. The pentavalent vaccine was introduced in the state since December 2011; Validated FVC (V-FVC): a child who received BCG, three doses of pentavalent, three doses of OPV and one dose of measles vaccine within 12 months of age, as per vaccination card; and Appropriately vaccinated child (AVC): a child was considered appropriately vaccinated if he/she has received all vaccine doses at right age and with right interval, as per the national vaccination schedule. AVC met the following conditions: (a) BCG vaccine -given before attainment of one year of age, (b) pentavalent vaccine -first dose given after six weeks of birth and two subsequent doses with an interval of at least four weeks and receipt of all the three doses before the first year of life, (c) measles vaccine -administered after completion of nine months (270 days) but before the first year of life.
Quality assurance: For the purpose of quality assurance, re-survey of five per cent of children covering 15 strata was planned. Three to four clusters from each stratum were randomly selected and 3-4 children from each selected cluster were re-surveyed.
The Institutional Human Ethics Committee of the National Institute of Epidemiology, Chennai, approved the study. Written informed consent was obtained from the mothers of eligible children or their respondents before interviewing them.
Statistical analysis: Data were double-entered and processed using Epi Info (version 7.1.5, Centers for Disease Control and Prevention, Atlanta, GA, USA) and STATA SE (version 13.0) software (StataCorp LLC, Texas, USA). Using survey data analysis module in STATA, the coverage of (i) FVCs, (ii) V-FVCs and (iii) AVCs along with the corresponding 95 per cent confidence intervals (CIs) for each stratum were estimated 13 .
Sampling weights were used to calculate vaccination coverage estimates for each stratum. The coverage for the State was estimated using (i) stratum-level estimates, and (ii) the proportion of one-year-old children in the respective stratum as weights 12, 13 . Using the survey data analysis module in STATA software, multiple logistic regression analysis was done to identify socio-demographic factors associated with non/incomplete vaccination. Variables with P≤0.2 in the univariate analysis were included in the multiple logistic regression analysis.
As the vaccination status of every child surveyed was collected based on mother's recall as well as vaccination card, sensitivity and specificity of mothers recall was calculated as compared to that of vaccination card. The agreement between the main survey and quality assurance re-survey was estimated by calculating the un-weighted kappa 14 . Prevalence Adjusted Bias Adjusted Kappa (PABAK) was also calculated as the un-weighted kappa estimates are highly dependent on the prevalence of the condition in the population [15] [16] [17] .
Results
A total of 3150 children from 15 strata were surveyed. The mean age of children was 17.6 months (standard deviation: 3.4, range: 12-23 months).
Majority of the children (86.2%) were Hindus and about one-third (30.3%) belonged to scheduled caste/ tribe category ( Table I) . Less than five per cent of the children's parents were illiterate. The median family size of the households surveyed was five (interquartile range 4-6). Most (2528, 80.3%) children had vaccination card. The number of children having vaccination card ranged between 150 (71.4%) and 180 (85.7%) in different strata (P=0.116).
Vaccination coverage among children having vaccination card: Coverage of validated fully vaccinated children (V-FVCs): Of the 2528 children having vaccination card, 1991 (78.8%) had received all the eight vaccine doses by the age of 12 months, 89 (3.5%) had received eight vaccine doses but at least one dose was given after age of one year while 448 (17.7%) had received less than eight vaccine doses (partially vaccinated). The weighted V-FVCs in the State was 78.8 per cent (95% CI: 76.9-80.5) and ranged between 73.4 and 82.4 per cent in different strata (Table II) . The coverage of V-FVCs was not significantly different across the strata. (Table II) . (Table III) . The dropout rate from BCG to measles, pentavalent 1 to measles and pentavalent 1 to pentavalent 3 was 15.9, 12.9 and 4.1 per cent, respectively. Table I describes the coverage of FVCs by selected socio-demographic characteristics. The coverage was not different among children by sex, religion or caste. Coverage was significantly lower among children whose parents were illiterate and whose fathers were wage earners. On multiple logistic regression analysis, children whose mothers were illiterate and whose fathers were wage earners were more likely to be incompletely vaccinated (Table IV) .
Coverage of different vaccines:
Coverage of fully vaccinated children (FVCs) by selected socio-demographic characteristics:
Reasons for non-vaccination:
Lack of information and obstacles for vaccination were common reasons for not vaccination among the 283 mothers whose children were un/partially vaccinated (Table V) .
Quality assurance: A total of 186 (6%) children from 54 clusters covering 15 strata were re-surveyed, and information about their vaccination status was collected. On re-survey, 161 (86.6%) had vaccination 
Discussion
Although vaccines have made an important contribution to public health, VPDs contribute significantly towards under-five mortality globally 2 . Achieving high rates of vaccination has been the greatest challenge to the immunization programme managers in many developing countries. Periodic estimation of vaccination coverage is necessary to monitor the progress in achieving the targets and guide the programme managers in improving the immunization services. The findings of our survey indicated that the coverage of FVCs in Tamil Nadu was about 80 per cent. The coverage for FVCs was not different across rural, urban, hilly, slum and non-slum areas. About 16 per cent of children who received BCG and about 13 per cent of children who received first dose of DPT did not complete the full course of vaccination. Lack of awareness about vaccination and obstacles such as child's illness and inconvenient timing of vaccination were the main reasons for incomplete or non-vaccination. The DLHS-4 conducted during 2012-2013 indicated low coverage of FVCs in Tamil Nadu 9 . This survey covered children born during 2010-2011. The low vaccination coverage could be on account of the change in the vaccination strategy in the State. In April 2008, following death of four infants following measles vaccination, Government of Tamil Nadu had stopped outreach vaccination and decided that all children were vaccinated in health facilities (facility-based vaccination) 18, 19 . This strategy was reversed in Although the coverage of full vaccination in the State was 80 per cent, the coverage of individual vaccination in the State was high, ranging between 84 and 99.8 per cent. About 12 per cent FVCs were inappropriately vaccinated -either before the recommended age of vaccination or the interval between the two doses was less than the recommended interval. Most of the inappropriately vaccinated children in Tamil Nadu received vaccines before the recommended age. Vaccinating at an appropriate age and correctly spacing the vaccine doses are the two most important predictors of vaccine-induced protection. Vaccine doses administered at intervals less than the minimum intervals or earlier than the minimum age are likely to interfere with antibody response and thereby affect protection conferred by these vaccines 22 . A study based on the analysis of DLHS-3 data identified age-inappropriate vaccination as an important weakness in the national immunization programme in India 23 .
Only one-third of the infants had received measles and DPT3 vaccine at the recommended age 23 . In India, the national level health surveys conducted periodically provide the coverage of FVCs. These surveys show a rising trend of FVCs in many Indian States [3] [4] [5] [6] [7] [8] [9] . However, high vaccination coverage rates do not necessarily indicate age-appropriate vaccination [24] [25] [26] . Collecting information about age-appropriate coverage of measles and DPT/pentavalent vaccination along with overall coverage would be useful for the State-and district-level immunization programme managers to improve the quality of vaccination.
In Tamil Nadu, lack of parental knowledge about vaccination schedule, need for vaccination and need to complete the vaccination schedule were important reasons for non/partial vaccination. Children whose mothers were illiterate were more likely to be incompletely vaccinated. These findings were consistent with the studies conducted in India and elsewhere about the reasons for non-vaccination 27 . Interventions aimed at improving health workers' communication with illiterate mothers at the time of vaccination would further improve the vaccination coverage in the State 28, 29 .
Our study had certain limitations. First, vaccination card was not available with 20 per cent of children at the time of survey. For logistical reasons, village health nurses (VHN) were not contacted in case mothers did not have the card. The vaccination status of these children was assessed based on mother's recall history, which might not be reliable. However, in the remaining 80 per cent children who had vaccination cards, the sensitivity of mother's recall for full vaccination status was high. Second, although there was a good agreement in the vaccination coverage between the original survey and the quality-assurance survey, the percentage of children with cards was different during the two surveys. It is a common practice that VHNs after vaccination retains the vaccination card with her and returns it to the mother after updating the vaccination details. Thus, the actual proportion of children with cards could be higher than 80 per cent observed in the study.
In conclusion, our study showed that the coverage of different vaccines among children aged 12-23 months in Tamil Nadu was high, ranging between 84 and 99.8 per cent.; 80 per cent of the children had received all the vaccines. About 16 per cent of children who received BCG and about 13 per cent of children who received first dose of DPT did not complete the full course of vaccination. About one in ten FVCs was inappropriately vaccinated. It is necessary to strengthen the immunization programme in the State to increase the vaccination coverage and decrease the dropout rates. The efforts to increase the vaccination coverage in the State need to focus on educating health workers about the correct national vaccination schedule and need for adhering to the schedule, and strengthening supportive supervision to ensure that children are vaccinated appropriately at right age and with right interval. It is also necessary to educate mothers about the benefit of complete vaccination.
